Objective The objective of this study was to describe healthcare resource use and cost development in Sweden during 2006-2014 in a type 2 diabetes (T2D) population receiving glucose-lowering drugs (GLDs). Methods In-and outpatient healthcare resource use and costs were extracted from mandatory national registries: the Cause of Death Register; the National Patient Register; and the Prescribed Drug Register. Primary care data were estimated based on an observational study including patients from 84 primary care centers in Sweden. Numbers of any cause inpatient, outpatient, and primary care contacts were extracted and direct healthcare costs were estimated. Results During 2006-2014, the number of inpatient and primary care contacts increased by approximately 70%
Introduction
Type 2 diabetes (T2D) is a major public health concern affecting more than 400 million patients worldwide [1] . Although the most alarming increase in prevalence is observed in middle-and low-income countries, a rise in T2D occurrence is also observed in Western countries [2] . For instance, in Sweden, the prevalence of T2D patients treated with glucose-lowering drugs (GLDs) increased by approximately 60% between 2006 and 2013 [3] .
T2D and associated risk factors such as elevated blood glucose level, excess body weight, and high blood pressure may cause serious complications affecting heart and blood vessels, nerves, eyes, and kidneys [4, 5] . Therefore, T2D patients carry a substantially higher risk of developing disabling and life-threatening conditions than the general population [1] . A number of epidemiological studies have elucidated the strong association between diabetes, microvascular, and cardiovascular diseases (CVDs) [6] [7] [8] [9] . Macrovascular complications primarily include CVDs, which account for up to 65% of deaths in patients with diabetes [6] . CVDs that have been strongly associated with diabetes and hyperglycemia are ischemic heart disease, ischemic stroke, peripheral artery disease, and heart failure (HF) [6] . T2D-related microvascular complications most commonly include neuropathy, nephropathy, retinopathy, and chronic kidney disease [6] . A recent Swedish nationwide observational study reported that when compared to the non-diabetes population, T2D patients carry approximately a 1.7-, 1.5-, 1.3-, 1.2-, and 1.8-fold higher risk for myocardial infarction (MI), stroke, all-cause death, atrial fibrillation (AF), and HF, respectively [3] . Another Swedish study observed markedly shorter long-term survival after a first stroke [10] or MI [11] for patients with diabetes than for those without.
The progressive nature of T2D and its complications entail substantial economic consequences both for patients and society [12] [13] [14] [15] . Costs for managing diabetes range from 5 to 20% of total health expenditure in the majority of countries [1] . In Sweden, the total healthcare costs for managing T2D accounted for €736 million in 1999, translating to mean annual per patient costs of €2630 [13] . The burden of T2D continued to increase and reached €3602 per patient in 2004 [16] and €4474 in 2005 [17] . The presence of diabetes-related complications was identified as the most important factor determining healthcare costs in the CODE-2 (Cost of Diabetes in Europe-Type II) study where patients with micro-and macro-vascular complications yielded 3.5 times higher costs than patients without complications [18] . Despite diverse study designs, studies estimating total healthcare costs of T2D [14, 17, 17, 19, 20] concluded that inpatient care, which is primarily linked to diabetes-related complication management, accounted for the greatest share of costs (53-66%) [13, 19] .
Although healthcare costs incurred by T2D in Sweden have been estimated previously [13, 16, [18] [19] [20] , the cost estimates were cohort-based [13, 18, 19] , did not encompass all relevant cost items such as medication costs [19] , or the results have simply become outdated [20] given the constantly increasing prevalence and changes in T2D management [3] . The aim of this study is to describe healthcare resource use and cost development over the last decade based on data collected from the entire GLD-treated Swedish T2D population. The study also intends to identify the most resource-intense and costly disease groups in the hospital setting.
Materials and Methods

Primary Data Sources
This prospective observational registry study was based on data sourced from three mandatory national registries in Sweden: the Cause of Death Register; the National Patient Register; and the Prescribed Drug Register. Patient-level data were linked through the mandatory personal identification number. The database included all drug prescriptions filled (identified by Anatomical Therapeutic Chemical [ATC] codes), hospitalizations, discharge diagnoses, and outpatient hospital visits observed during the study period ranging from 1 July 2005 to 31 December 2014. Data linkage was performed by the Swedish National Board of Health and Welfare (NBHW) which also holds all three registers. The linked database was managed by Statisticon AB, Stockholm, Sweden. The study was approved by the Stockholm regional ethics committee (registration number 2013/2206-31).
All patients with any prescribed GLD (ATC code A10) identified in the Prescribed Drug Register during the study period were included in the study. The index date was defined as the first filled prescription of a GLD. Patients were observed until death or until 31 December 2014. To ensure that only T2D patients were included in the study, the following patients were excluded from the study: (i) patients with gestational diabetes (International Classification of Disease, 10th edition [ICD-10] code: O24.4) within 1 year after the index date; (ii) patients with type 1 diabetes defined as ICD-10 code E10 and initiated on insulin during the first year of receiving GLD treatment; (iii) patients under 30 years at the start of insulin initiation; and (iv) patients under 15 years initiated on any GLD.
Secondary Data Sources
Since data on primary care resource use (i.e., general practitioner [GP], nurse, podiatrist visits, laboratory tests) could not be sourced from national registries, primary care resource use and costs were estimated based on data extracted from a secondary source. Although several Swedish studies reporting primary care resource use were identified [16, 17, 19, 20] , the study by Sabale et al. [19] provided the most detailed description of resource utilization and was chosen as the source for primary care data. The study was based on data from a large Swedish observational study including 38,956 newly diagnosed T2D patients followed for up to 9 years (183,513 patientyears). Resource utilization (number of GPs, nurses, and other primary care professionals, laboratory visits, and tests) was sourced from electronic patient records in 84 primary care centers in Sweden.
Healthcare Resource Use and Costs
Data on resource use in the hospital setting were available as the number of visits observed in inpatient (patient's condition requires admission to a hospital) and outpatient (hospital service that does not fulfill inpatient care definition) care.
As recommended by Kavanos et al. [21] , costs for hospital care were estimated by using Diagnosis-Related Groups (DRGs)-groups of patients that have the same ICD diagnosis and similar patterns of resource consumption. All DRGs are assigned a weight to reflect the treatment intensity relative to the average patient. The cost for a DRG is estimated by multiplying the weight for the selected DRG with the cost of one DRG. The cost per DRG weight specific to year 2014 (1 DRG = €4808; exchange rate: €1 = 9.10 Swedish kronor [SEK]) was applied throughout the study period [22] .
Since macro-and microvascular complications were identified as major cost drivers in T2D population, two major disease groups including T2D-related complications were defined. The following choice of diagnoses was based on the most common T2D-related complications listed in the literature [4, 5, 6 ]:
• CVDs (all diagnoses in ICD-10 chapter I):
-Macrovascular T2D-associated diseases: acute coronary syndrome (ACS), stroke, HF.
• Microvascular T2D-associated diseases: diabetic mono-/polyneuropathy, diabetic eye complications, diabetic foot/peripheral angiopathy, diabetic kidney disease, and diabetes with several/unspecified complications.
To identify other disease groups that account for a substantial share of hospital resources, costs linked to each of the ICD-10 diagnosis chapters (I-XXI) were estimated. Discharge diagnoses (ICD-10) were used to assign costs to the groups.
The number of primary care contacts reported by Sabale et al. [19] was used to estimate primary care resource use in our study population. The number of primary care contacts per patient per year reported over 9 years was averaged to estimate the mean number of primary care contacts that a T2D patient is expected to have over 1 year. To estimate primary care costs, the average number of contacts was then multiplied by the unit cost for each contact reported in the study of Sabale et al. [19] and by the number of T2D patients observed in our study in a given year. Costs were then adjusted for year 2014 price level using Swedish Consumer Price Index of 0.99774.
Based on ATC codes, medication costs for GLDs (A10) and other medications were extracted from the Prescribed Drug Register. All costs, both diabetes and non-diabetes related, were considered in the study. No indirect costs or costs of glucose monitoring devices were included in the study.
Statistical Analysis
Healthcare resource use was reported as the total number of inpatient/outpatient/primary care visits for each study year. The length of hospital stay was reported as the average number of days. Annual healthcare costs incurred by the GLD-treated T2D population as well as mean annual per patient costs were presented as were inpatient and outpatient care costs linked to each predefined disease group. Statistical analysis was performed using statistical package SAS 9.3.
Results
Mean Annual Per Patient Costs
During 9 years of study follow-up, mean annual per patient inpatient care costs increased by 24%, from €1723 to €2137; outpatient care costs increased by 52%, from €545 to €828. Costs for GLDs increased by 21%, from €189 to €229, whereas costs for non-GLD medications decreased by 39%, from €490 to €297 (Fig. 1a) . Since mean annual per patient costs in the primary care setting were sourced from a previously published study and were estimated by averaging primary care costs over 9 years, a cost of €1104 was applied throughout the study follow-up. Hence, no increase in the estimated primary care costs were assumed in our study. Mean annual per patient health care costs consisting of inpatient, outpatient, primary care, and medication costs increased by 13%, from €4051 to €4594. The highest share of total healthcare costs was attributed to inpatient care, followed by primary care, outpatient care, and medication costs.
Changes in Prevalence of Glucose-Lowering Drug (GLD)-Treated Type 2 Diabetes (T2D)
Throughout 9 years of observation, the number of GLDtreated T2D patients increased by 78%. In 2014, 43% of the GLD-treated T2D population was female, with a mean age of 67 years. The presence of CVDs remained relatively unchanged: 33-35% (Electronic Supplementary Material Table 1 ).
Healthcare Resource Use
Over 9 years, the proportion of T2D patients being hospitalized for any reason remained stable at 22%, while the average length of hospitalization decreased from 13.3 to 11.6 days. The number of inpatient care visits increased by 72%, from 45,559 to 78,245 ( Table 1 ). The proportion of the T2D population using outpatient services increased from 51 to 57% (Table 1 ) and the number of outpatient visits increased by 98%, from 105,653 to 209,417. The estimated number of all primary care contacts increased by 78%, from 4.927 to 8.757 million. GP contacts increased from 583,040 to 1.036 million, nurse contacts increased from 1.487 to 2.643 million, whereas the other contacts, consisting of laboratory visits, laboratory tests, and patient administration, increased from 2.857 to 5.078 million (Electronic Supplementary Material Table 2 ).
Healthcare Costs for the Whole GLD-Treated T2D Population
Inpatient care costs constituted the greatest share of total healthcare costs (47%) and showed an increase of 120%, from €355 million to €783 million ( Estimated for the study population based on primary care resource use reported in an observational study by Sabale et al. [19] b Based on observational data collected from National Swedish Registries and an observational study by Sabale et al. [19] primary care services increased by 78%, from €228 to €405 million, of which nurse and GP contacts were the most costly contacts in primary care (Table 2) . Outpatient costs accounted for 18% of total costs and was the third most costly item. The cost for outpatient care visits increased by 170%, from €112 to €303 million (Table 2) .
Medication costs constituted a relatively small share of total healthcare costs (11%) and increased by 37%, from €140 to €192 million. Antidiabetic medications accounted for the smallest share of total costs, corresponding to 5%, which remained constant throughout the study period (Table 2 and Fig. 1b) .
Total healthcare costs consisting of inpatient, outpatient, primary care costs (estimated), and medication costs increased by 102%, from €835 million to €1.684 billion ( Table 2 ).
Costs Attributed to Disease Groups
3.5.1 Inpatient Care 3.5.1.1 Cardiovascular Diseases CVD-related costs accounted for 26% of total inpatient care costs in 2014 and showed an increase of approximately 75%, from €116 to €203 million. Among T2D-related macrovascular diseases, costs of ACS increased by 44%, stroke by 57%, and HF by 92%. Altogether, ACS-, stroke-, and HF-related costs accounted for approximately half of all CVD-related costs (Table 3) .
Microvascular T2D-Associated Diseases
Costs for handling T2D-related microvascular diseases increased by 68%, from €3.8 to €6.5 million. Altogether, microvascular diseases accounted for less than 1% of total inpatient costs (Table 3) .
Other Diseases
Among other disease groups, the most costly were neoplasms that accounted for 12% (€97.6 million) of total inpatient care costs. Neoplasms were followed by external causes (9%; €69 million), respiratory system-related diseases (7%; €56.3 million), and digestive system-related diseases (7%; €56 million) (Fig. 2) .
Outpatient Care
Cardiovascular Diseases
In outpatient care, costs related to CVDs constituted 8% of total outpatient care costs. The costs increased by 146%, from €10 to €24.6 million. Among T2D-related macrovascular diseases, ACS-related costs increased by 185% and stroke-related costs by 37%, whereas HF-related costs increased by 224% (Table 3) .
Microvascular T2D-Associated Diseases
Costs for handling T2D-related microvascular diseases accounted for 4% of total outpatient care costs and showed an increase of 25%, from €10.2 to €12.7 million (Table 3) .
Other Diseases
Among other disease groups, a substantial share of outpatient costs were attributed to managing unspecified factors influencing patients' health status (16%; €47.4 million). These were followed by neoplasms (11%; €32.9 million), diseases of eyes and ears ACS acute coronary syndrome, HF heart failure, ICD-10 International Classification of Diseases, 10th edition, T2D type 2 diabetes (10%; €30.9 million), and musculoskeletal and connective tissue disorders (9%; €26.9 million) (Fig. 2) .
Discussion
This nationwide observational study highlights the burden T2D imposes on the Swedish healthcare system. The findings of our study indicate that over the last decade the mean per patient costs showed a 13% increase. The greatest increase was observed in outpatient care, followed by inpatient care and GLDs. However, costs for other medications showed a decline. The number of inpatient care and primary care visits increased by 72 and 78%, respectively, and the increase was even more prominent in outpatient care (? 98%). The increased demand for healthcare services led to an increase in healthcare expenditures. Total healthcare costs showed a two-fold increase, from €835 million to €1.684 billion. The observed increase was primarily driven by an increase in inpatient (? 120%) and outpatient care (? 170%). Almost half of total healthcare costs were attributed to inpatient care, followed by primary care and outpatient care. Medication-related costs were linked to a relatively small share of total costs. Costs for GLDs constituted the smallest share (5%) of total healthcare costs and remained stable during the study period.
Cardiovascular, 26%
Neoplasms, 12%
Respiratory system, 7% The observed rise in healthcare resource use and costs can in part be explained by an increased prevalence of T2D and increased longevity of patients [3] . Yet, an increase in total costs, and particularly in mean annual per patient costs, may also reflect changes in T2D guidelines, political context, constant improvement in health technologies, increased awareness of T2D and diabetes-related complications, and changes in the way T2D is perceived and managed [23] . During the observational period of our study, T2D treatment guidelines became more focused on early initiation of glucose-lowering therapy and prevention of T2D-related complications [24] . This led to an increase in a GLD-treated population and more resources being allocated to T2D and its complication management. An increased awareness of T2D and diabetes-related diseases presumably led to a substantially reduced under-treatment of T2D-related complications and better control of T2D-related risk factors (i.e., glycosylated hemoglobin [HbA 1c ], weight, blood pressure), but resulted in an increased demand for healthcare resources. The increase in costs observed in our study could also be caused by constantly improving health technologies that replace less effective interventions but are more costly [25] . One of the examples is the development of new glucose-lowering drugs that lead to better diabetes control and fewer diabetes-related complications but have higher medication acquisition costs than previous standard of care [26, 27] . Another example is the improved survival of patients with ischemic heart disease, which increases the lifetime risk of CVD complications such as HF, MI, and revascularizations and may lead to additional costs [28] [29] [30] .
As expected, CVD was the most costly disease group in inpatient care, accounting for one-quarter of inpatient care costs and primarily driven by ACS and stroke, with the greatest increase in costs observed in HF. In outpatient care, the biggest share of costs was linked to managing unspecified factors influencing health status, macro-and microvascular diseases associated with T2D, and neoplasms.
Our findings are in line with those published previously. The study by Ringborg et al. [16] , which examined the medical resource use of Swedish patients with T2D during 2000-2004 and estimated annual health costs, showed an upward trend in the resource use of inpatient care. This trend was also observed in both our and previously published studies [16, 17, 19, 20, 31, 32] . The finding of Ringborg et al. [16] also highlighted the substantial economic burden of CVDs, in particular HF and AF. These findings were confirmed by our study, where CVD was found to be the most costly disease group in inpatient care. Among CVDs, the greatest increase in costs was observed in HF in both inpatient (92%) and outpatient (224%) care.
No substantial differences were observed in outpatient care use between the studies. Outpatient care services were used by around a half of T2D patients in both studies [16] . The most frequently visited outpatient hospital clinics reported in the previous study were internal medicine, eye, orthopedic, and cardiology clinics, which reflects the disease groups accounting for the greatest shares of outpatient care costs in our study. It should be mentioned that outpatient care was the second biggest driver of costs in the Ringborg et al. [16] study, whereas it was third in our study. This discrepancy can be explained by our estimates being based on more types of primary care contacts than those reported in the Ringborg et al. [16] study. In addition, our study included costs for patient administration, which accounted for a substantial share of healthcare professionals' time and which was not accounted in the previous study. Costs of GLD accounted for a small and relatively stable share of total costs in both studies and are also in line with observations from other Swedish studies [13, 20] . An increased uptake of innovative but more expensive medications may explain the observed increase in mean per patient costs for GLD in our study, whereas a decline in costs for other medications may be caused by patent expiries of branded medications leading to substantial price cuts.
It should be highlighted that our estimate of mean annual per patient costs (€4594; year 2014 values) was higher than those reported previously where the costs ranged from €2630 (year 1999 values) [13] to €4474 (year 2005 values) [17] . In addition to previously described reasons, the discrepancy in mean annual per patient costs can be explained by different data sources; alternative costing methods; cost items included; study populations; age groups considered; year of the study; or the true increase in T2D-related complications that require specialized healthcare.
There are several potential implications of this work. Firstly, our study highlights the increased economic burden imposed by the whole GLD-treated Swedish T2D population. Understanding the magnitude of these costs and how they have developed over 9 years may provide good grounds for setting priorities between disease groups for resource allocation. Secondly, our study showed that the greatest share of total healthcare costs was observed in inpatient care, with CVD being the most important cost driver. Given the established relationship between T2D and CVD [33] , and the importance placed on it in the current T2D treatment guidelines [24] , the CVD-related costs in inpatient care can potentially be reduced by preventing the occurrence of CVDs (i.e., HF, ACS). In addition, understanding the major cost drivers in the T2D population is important in finding the most cost effective ways of preventing diabetes-related complications and reducing costs.
There are several strengths of our study. Firstly, one of the major strengths is the nationwide reach of the study, which includes 100% coverage of hospital contacts, their causes, and costs as well as filled prescriptions of drugs and associated costs. Secondly, it is one of only a few attempts to estimate total healthcare expenditures associated with T2D and, to our knowledge, this is the first attempt to base the cost estimates on the whole GLD-treated T2D population in Sweden with 9 years of follow-up. Thirdly, our study included all direct healthcare costs incurred by the T2D population as opposed to previous cost studies in Sweden [13, 16, 19] .
Sourcing primary care data from a secondary source is one of the limitations of our study. Firstly, the study of Sabale et al. [19] reported primary care resource utilization collected for newly diagnosed T2D patients, which may not be entirely compatible with our study population. This may imply that primary care cost estimates sourced from this population may deviate from the true primary care costs incurred by our study population. However, using an average number of primary care contacts based on 9-year data and the fact that resource consumption stabilizes in most of the contacts 2 years post-diagnosis [19] gave us a fairly good estimate of the number of contacts that an average T2D patient has over a year. Using multiple data sources, including another study, was the only possible way of including primary care costs as these data are not available from national registries and need to be extracted manually from patient journals. Therefore, primary data collection for the whole study population was not feasible.
Given the magnitude of productivity-related costs in T2D and the annually decreasing age of patients being diagnosed with diabetes, not including costs outside the healthcare sector is another limitation of the study [34] . In addition, our study may underestimate inpatient and outpatient care costs as the National Patient Register covers mainly physician visits and does not include other contacts with healthcare professionals.
In order to minimize the risk of including type 1 diabetes patients, our study population was limited to patients who were over 30 years of age at the start of insulin therapy. Limiting our patient population to those older than 30 years when initiating insulin may have resulted in excluding younger T2D patients. Yet, excluding these patients is expected to have a minimal impact on cost estimates due to the relatively small number of patients in this age group. Furthermore, as hyperglycemia may have deteriorating effects on conditions that are not directly linked to T2D (prolonged postoperative care, increased length of hospital stay for patients with infections), defining the true costs of T2D is challenging. For this reason, our study was intended to estimate costs of T2D patients (including both diabetes and non-diabetes costs) and did not attempt to disentangle diabetes-related healthcare costs. Hence, our estimates cannot be interpreted as the total costs that could be forgone if T2D was eliminated entirely.
Conclusion
Healthcare costs of the GLD-treated T2D population have doubled over 9 years. The major cost driver was found to be inpatient care, which is primarily attributed to T2D complication management, whereas GLDs accounted for the smallest share of costs. CVD was the most costly disease group in inpatient care, while managing unspecified factors affecting patients' health, T2D-related diseases, and neoplasms were the most costly in outpatient care.
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